DEEP vein thrombosis (DVT) leading to pulmonary embolism (PE) often fatal, is a major problem in patients with spinal cord injury (SCI) during the acute phase (Walsh & Tribe, 1965; Watson, 1968; Silver & Moulton, 1970; Hachen, 1974; Todd et al., 1976; Perkash et aI., 1978) . Anticoagulant therapy has been tried to prevent and treat thromboembolism in SCI patients using heparin alone (Casas et al., 1976) , oral anticoagulants alone (Silver, 1974) or a combination of both (Hachen, 1974; Watson, 1974) . The therapy and their regimens are based on the assumption that the pathogenesis of the DVT in SCI patients is similar to that occurring after major surgery.
The aim of the anticoagulant therapy is to lower the coagulability of the blood and thus prevent occurrence, recurrence, propagation and/or embolism of the thrombus. The anticoagulant is administered in doses which would impart maximum of hypocoagulability without jeopardising the patient's haemostasis significantly. Therefore, success or failure depends a great deal on how well this balance is maintained. Unfortunately, the margin between ineffective dose, effective dose and overdose is rather small; and the dose can vary unpredictably from patient to patient and even within the same patient from time to time. Past analysis of the anticoagulant therapy in patients other than spinal cord injury has shown that the recurrence of the thromboembolism has usually been associated with small doses, shorter duration of heparin therapy and with poor control of oral anticoagulants (Coon et al., 1969 (Coon et al., , 1972 . This paper presents a critical evaluation of the anticoagulant therapy received by eight acute SCI patients complicated with thromboembolism. The emphasis here is not on the statistics of a clinical trial, but on the outcome of therapy given and the problems involved in practical management of anticoagulation. The incidence and diagnosis of thromboembolism in these patients has been described in an earlier communication (Perkash et al., 1978) .
Methods and Materials
Eight patients with acute spinal cord injury and thromboembolism admitted to the VA Medical Center, Palo Alto, California, between July 1976 and Novem ber 1977 were analysed. The interval between the time of injury and admission on the spinal cord injury service varied from 10 to 38 days. All patients were male aged 22 to 56 years. Levels of clinical lesion varied from C3 to a TIO. The diagnosis of DVT and PE (deep vein thrombosis and pulmonary embolism) was made as follows: all patients were carefully screened for DVT by physical examination, daily thigh and calf circumference measurements, and weekly electrical impedance plethysmography while they were confined to bed. Any patient with change in the thigh and calf circumference of over 1'5 cm was evaluated further. Impedance plethysmogram was obtained immediately, and, if needed, contrast venography was also done. Arterial blood gases, a chest radiograph, and serial dilution protamine sulphate test were done whenever possible in patients with clinical symptoms of pulmonary embolism.
The regime of anticoagulation was entirely by the individual choice of the physician. In general, when the diagnosis of DVT or PE was established an initial course of heparin therapy was followed by coumadin. Seven patients received heparin by continuous intravenous drip (IV) and one by intermittent 6-hourly IV push. The monitoring test was activated partial thromboplastin time (APTT) for heparin, and prothrombin time CPT) for coumadin. On admis sion, the following tests were performed on each patient:
I. Complete blood picture: haemoglobin, haematocrit, total and differential leucocyte count, red cell count, platelet count, reticulocyte count and assessment of red cell picture.
2. Coagulation profile: activated partial thromboplastin time (Morin & Willoughby, 1975) using fibrolet (activated platelet factor reagent, BBL, Div. Becton Dickinson Co., Cockeysville, Md., 21030, U.S.A.) and Fibrometer; Quick's one-stage prothrombin time (Quick, 1966) using rabbit brain and lung thrombo plastin (Automated Simplastin, General Diagnostic Div., Warner, Lambert Co., Morris Plains, New Jersey, U.S.A.), and thrombin time (Grann et at., 1972) using bovine topical thrombin (Parke-Davis). Serial dilution protamine sulphate (SDPS) test (Gurrewich & Hutchinson, 1971 ) was done where applicable.
The normal range in our laboratory is 25 to 40 sec for APTT and I I to 14 sec for prothrombin time. When the patient was on prophylactic subcutaneous heparin, the drug was not monitored. Monitoring was done for therapeutic heparin by APTT and for oral anticoagulation by PT. For either test, an increase in 2 to 2t times the mean normal value was considered as adequate anticoagulation. For a lower level of anticoagulation value, I to It times the mean normal value was maintained.
The time schedule of monitoring varied with the response of the patient. For heparin therapy, monitoring test was performed 8 hourly in a patient with unstable response or getting high doses of heparin. The test was also performed immediately after a change in heparin dose. The monitoring schedule of the prothrombin time varied considerably with the individual physicians.
Observations
Relevant patient data in relation to anticoagulation therapy in eight acute SCI patients complicated with thromboembolisms is tabulated (see Table I ). Six of the eight patients are presented below to illustrate the problems.
Case Presentations
Patient No. I. A 52-year-old white man was admitted to the SCI paraplegic centre 10 days post-injury with extensive thrombosis in left calf, poplital and deep femoral veins. Initially, he received intermittent heparin, 6000 units (9 units/kgm/hour or 24 000 units/day), every 6 hours for 8 days. Coumadin was simultaneously started at 5 mg/day, raised to 10 mg/day after 4 days due to failure to respond to the smaller dose, and was continued for 79 days. Coumadin was then stopped because of mild haematuria.
All through his anticoagulant therapy, both APTT and PT remained within normal limits and, therefore, he was never adequately anticoagulated during either heparin or A 56-year-old white male, who became tetraplegic (C4) due to a fall, was admitted to SCI centre 15 days post-injury. On admission, he was dyspnic and hypoxic due to chronic obstructive pulmonary disease and paralysis. Eleven days after admission, he developed DVT in right leg involving calf, popliteal and femoral veins. He was given a bolus of 10 000 units of heparin IV followed by continuous intravenous heparin at the rate of IOOO units/hour which was raised to 1500 units/hour. Because of deterioration in the pulmonary condition, pulmonary embolism was also suspected, but lung scan was not possible due to acute cervical injury. SD PS was positive I in 10 dilution. His Pa02 was 42 mmHg. During this period, his APTT shot up to three times normal, requiring reduction of heparin dose to 100 units/hour. Heparin was then gradually raised to IOOO units/hour, but APTT again shot to over 150 sec. Heparin was dis continued on 5/23/77. At that time, a tracheostomy was performed, and he was being maintained on the respirator. Heparin was resumed on 5/24/77 with good anticoagula tion on 500 units/hour. On 5/27/77, he received two units of packed cells; during the next 5 days his APTT became unresponsive to successive increasing doses of heparin to 1100 units/hour. Heparin was then discontinued. This patient showed marked hour-to-hour variation in response to heparin. To keep him within the therapeutic range, careful 8-hourly monitoring was required. The fluctuations in heparin requirement seen in this patient were the widest in this series (Table I) . Without an 8-hourly monitoring, he could readily pass from poor anti coagulation with a risk of thrombosis to hyper-anticoagulation with a risk to recurrence of thromboembolism. The reason for his hyperresponse to heparin during the phase of respiratory failure and resistance to heparin developing after blood transfusion is not dear.
Patient NO. 3. A 31-year-old white man became quadriplegic (C6) on 7/19/77 in a diving accident. He was admitted to SCI centre 22 days post-injury. On admission, he had swelling of the right leg, shortness of breath, and p02 of 52 mmHg. Rheogram and contrast venogram was positive for DVT. Pulmonary embolism was suspected, but patient's condition did not permit a lung scan.
He was started on continuous intravenous heparin with a dose of 1200 units/hour. An adequate APTT response was obtained only after the dose was raised to 2800 units/ hour. The heparin requirement remained high for 8 days. Then it dropped to 1200-1500 units/hour for the next 7 days. Heparin was given for 16 days and then discon tinued after an overlap with coumadin for 3 days.
On 8/21/77, while on heparin, he developed a large haematoma in the right thigh. The patient was taking aspirin which was stopped lest it contributed to the bleeding. On 8/3 1/77, while on coumadin therapy (PT was 2t times normal), he developed mild haematuria which was thought to have been caused by intermittent catheterisation. Coumadin dose was lowered to keep prothrombin at twice the normal level. On 10/13/77, he developed urinary tract infection and was treated with Co-trimoxazole, resulting in marked potentiation of the coumadin action. Therefore, coumadin had to be omitted for 3 days. The response to coumadin returned to pre-Co-trimoxazole levels after 16 days of simultaneous use of both Co-trimoxazole and coumadin and remained stable. Coumadin therapy was planned to be given for 6 months.
About 5 months post-injury, when the patient had to make a trip out of state, coumadin was discontinued. At that time, he was moderately spastic in the lower limbs and was ambulating in the wheelchair. While on the trip (160 days post-injury), he was hospitalised for pulmonary embolism with a positive lung scan. He was treated with coumadin and became asymptomatic in 2 days. Coumadin therapy was then planned to be continued for a year.
This patient required very large doses of heparin during the 1st week of thrombo embolic episode, the largest in this series (Table I ). The heparin requirement dropped sharply after 8 days of treatment. Without an 8-hourly monitoring, the patient may have been hyperanticoagulated over an extended period of 24 hours. In addition, the APTT came down to normal twice during heparin treatment because of a mechanical blockage of the IV dripset. Such interruption in heparin therapy during the acute recovery phase of thromboembolism poses risk of extension of the process, and can be detected only by more frequent monitoring.
Patient NO.4. A s6-year-old black man, quadriplegic (CS) since 12/S/76 due to an auto mobile accident, was admitted to SCI centre 20 days post-injury. He had previous history of DVT in I96S. Forty-two days post-injury, he developed extensive throm bosis of left popliteal, femoral, and iliac veins. He was started on heparin intravenously with SOO units/hour which had to be raised to 1800 units/hour before adequate anti coagulation was obtained. He was given heparin for I I days, the last 3 days overlapping with coumadin.
Coumadin produced adequate response on a dose of S mg/day. While on coumadin for a week, Co-trimoxazole (two tablets per day) was also started. This lead to marked potentiation of coumadin action for the next 10 days. Coumadin dose at that time was first lowered and then omitted for a day. Thereafter, he was maintained on 3 to 4 mg/day with a PT of It times for SS days. After SS days, a reduction in the dose of Co-trimoxazole was associated with an increase in coumadin requirement from 4 to 7·S mg/day. Coumadin was discontinued after 4 months of therapy.
He had one episode of mild rectal bleeding on heparin therapy when the PTT rose to IIO sec (normal up to 40 sec), possibly because the dose of heparin had not been monitored the previous day. He had one episode of mild haematuria during coumadin therapy when his PT was 30 sec (2t times the normal). Anticoagulation was not dis continued for these two episodes of minor bleeding.
Fatal pulmonary embolism occurred 10 days after the cessation of coumadin therapy (ISO days post-injury, and 106 days after the previous episode of DVT).
Patient NO.5 (Fig. I) . A 22-year-old white male became quadriplegic (C6) on 12/9/76 when he was sucked into the intake of a jet engine. He was admitted to the SCI centre 38 days after injury. Twenty-two days after admission (2/9/77) and 60 days post-injury, he developed extensive thrombosis in the right thigh veins. He was started on con tinuous intravenous heparin (ISOO-I800 units/hour) and coumadin simultaneously. The patient's prothrombin time was It times the normal on a dose of 7·S mg coumadin per day. After 10 days, heparin was discontinued. During the subsequent 17 days, his prothrombin time fluctuated between 12 and 20 sec and finally on 3/2/77 became un responsive to a daily dose of 10 mg coumadin. The following day he developed difficulty in breathing and had rhonchi in both lungs, but the lung scans were negative. Never theless, he was considered a potential candidate for pulmonary embolism because of the recent episode of DVT. After 2 days of therapeutic heparinisation, lung signs on auscula tion disappeared and the possibility of one minor embolic episode was considered.
Initially, he was started on continuous intravenous heparin with a bolus of 10 000 units and continuous IV infusion of 7So units/hour, but did not show adequate anti coagulant response until a successive increase in heparin dose reached a level of I7So units/hour on the sth day. Thereafter, he required a dose of ISOO units/hour to keep APTT twice the normal value. Heparin was stopped after 10 days. Coumadin was started on the 7th day of heparin therapy. Prothrombin time reached to twice normal after a successive increase in the dose of coumadin to I7"S mg/day. He was maintained on coumadin, IS mg/day for 4 weeks, after which his requirement decreased to 7 mg/day. Coumadin was discontinued after 47 days of therapy to prepare the patient for trans uretheral sphincterotomy with prophylactic low dose heparin. Subcutaneous heparin was given in the doses of 5000 units every 12 hours for 7 days starting 2 hours before surgery on 5/5/77. A second similar course of prophylactic heparin was' given for a repeat sphincterotomy 32 days after the first one without complications. " Coumadin therapy was resumed and continued for a total of 5 months from the day the DVT was initially diagnosed.
Patient No.6. Relevant data in Table I Patient NO.7. Relevant data in Table I .
Patient No.8. A 31-year-old white male became paraplegic when he was sucked into the intake of a jet engine. He underwent partial gastrectomy for an ulcer 19 days post injury. Following that, he developed acute pancreatitis. Twenty-three days after admission (91 days post-injury), he developed left leg DVT involving calf, popliteal and femoral veins. He was given intermittent intravenous heparin, 5000 units every 4 hours for 3 days with adequate anticoagulation. He developed mild haematuria which was thought to be catheter-induced. Nevertheless, in order to have better control on heparin administration, he was switched to continuous intravenous heparin, and showed adequate anticoagulation on 1000 units/hour for 21 days. He had to be switched back to intermittent heparin because of unavailability of IV AC pump and received heparin for 3 more days. Subsequently, he received coumadin for 54 days. In view of a haemorrhagic episode, he was maintained on a lower level of anticoagulation (about It times normal) and required 5-10 mg of coumadin/day.
Analysed Data

I. Prophylactic Subcutaneous Low Dose Heparin Therapy
One patient (Patient NO. 7) received prophylactic subcutaneous heparin, 5000 units subcutaneous twice daily for 20 days after admission. He developed thromboembolism 9 days (46th day post-injury) after the discontinuation of prophylactic therapy. (Table I) The overall heparin requirement for adequate anticoagulation (APTT 2 to 2i times normal) ranged between 6000 units (4 units/kg per hour) to 67 000 units/ 24 hours (34 units/kg per hour). In two patients (Patient Nos. 2 and 3), the requirement varied considerably even during the course of therapy, the range being 6000 to 28 000 units/24 hours, and 3800 to 67 200 units/24 hours respectively. (Table I) The coumadin requirement ranged from 5 to 18 mg/day. Drug interaction was observed in two patients (Patient Nos. 3 and 4) in whom marked potentiation of coumadin action occurred during simultaneous Co-trimoxazole therapy.
II. Heparin Requirements
III. Coumadin Requirements
IV. Recurrence of Thromboembolism
Thromboembolism recurred in three patients (Patient Nos. 3, 4, and 5). It was associated with inadequate dose in one patient (Patient NO.5) and early dis continuation of coumadin therapy in the other two (Patient Nos. 3 and 4).
V. Haemorrhage during Anticoagulant Therapy
Five patients out of eight had a total of seven episodes of minor bleeding which consisted of mild haematuria in four patients (one during heparin and three during coumadin therapy), melena in one patient (during heparin therapy) and haematoma thigh in two patients (one during heparin and the other during coumadin therapy).
The two instances of haematoma thigh were considered to be a consequence of anticoagulant therapy. In Patient NO. 3, a large haematoma occurred in the left thigh during heparin therapy at a time when the PTT response to a previously adequate dose of heparin (2800 units/hour) had increased suddenly. The heparin dose was reduced to 400 units/hour. He was also receiving aspirin at the same time which was discontinued. The anticoagulant therapy by coumadin was discon tinued in only one patient (Patient NO.7) because of a haematoma.
Discussion
The regime of the prophylactic and therapeutic management of established deep vein thrombosis and/or embolism varies widely (deTakats, 1976) and is reflected to some extent in the management of patients by different physicians in the series. Many of the problems encountered in anticoagulant management of spinal cord injury patients are inherent in the heparin therapy itself, irrespective of the type of patient involved, while others pertain to the specific clinical situation of the spinal cord injury.
It is undisputed that the acute spinal cord injury patients are at high risk for thromboembolic complication and should receive prophylactic anticoagulation, but there is no unanimity as to the choice of anticoagulant and the period for which it should be given. Some of the factors which may be of significance in prophylaxis were discussed in an earlier communication (Perkash et al., 1978) . The guidelines derived from our experience of therapeutic anticoagulation are discussed here. In both situations, we feel that the outcome of the therapy will improve considerably if anticoagulation regime is flexibly tailored to the individual clinical status of each patient.
For prophylaxis of thrombosis either oral anticoagulants or low dose heparin can be used. Both are intended to keep the concentration of Factor Xa below the critical level which would otherwise lead to thrombin generation and throm bosis. The superiority of one over the other has not yet been proven. The choice will depend upon the convenience, cost of administration and the feasibility of monitoring. Minidose heparin administration costs more but does not require monitoring. Oral anticoagulants are cheaper but need to be monitored. Patients with minimal or low level spinal cord injury, and not associated with high risk factors for DVT, may not be given any prophylactic anticoagulation. Those with extensive or high level spinal cord injury and/or with high risk factors such as fractures requiring casts, crush injuries, burns, disseminated cancer, extensive tissue trauma, persistent infection and those with previous history of thromboembolism should receive either low dose heparin or oral anticoagulants. Alternatively, low dose heparin is started immediately and later replaced by coumadin if oral anticoagula tion is desired, to be continued for at least 12 weeks or until the return of full spasticity. The period of prophylactic anticoagulant administration may be ex tended 4 to 6 months, if any of the risk factors continue to exist. Major surgical procedures involving large tissue trauma, should be covered with low dose heparin (Wessler & Yin, 1973) . If the patient has been on oral anticoagulant prior to surgery, it should be discontinued 48 hours before surgery, the low dose heparin administered subcutaneously in doses of 5000 units every 12 hours, starting 2 hours prior to surgery and continued for 1 week after surgery. The coumadin therapy can be resumed again if required.
Once DVT and/or a PE has occurred the thrombin already generated can be neutralised only by large doses of heparin. Oral anticoagulants cannot neutralise existing thrombin. Therefore, in a patient with established thrombosis and/or embolism heparin in larger doses is the anticoagulant of choice for the initial treatment. The anticoagulation response of a weight-adjusted dose of heparin varies with a large number of factors including potency of commercial product, dose, route and mode of administration, the individual tolerance of the patient, the hepatic and renal clearance, the alterations induced by trauma, shock, opera tion, haemorrhage, burns, infection, presence and extent of thromboembolism, and the sensitivity and precision of the clotting test employed to assess the heparin response (deTakats, 1976; Coon, 1978) . When the decision to give heparin therapy has been made, the question arises regarding the doses, route and mode of administration, duration of therapy, and whether to monitor the treatment or not. A due consideration for all the factors is required for adequate heparinisation:
(I) Dose of heparin. The general recommended dose for heparin in DVT is from 25 000 to 45 000 units per 24 hours (Thomas, 1978) to be administered with (Gurewich, 1976; Gallus, 1976) or without adjustment by monitoring (Wessler & Geitel, 1976) . In pulmonary embolism, the recommendations are for an initial treatment to be with higher doses of 60 000 to 120 000 units per 24 hours intra venously, followed by reduction to 30 000 to 45 000 units per 24 hours. However, it is apparent from our review that the heparin requirement was within the above recommended range only in four patients. In Patient No.2, the smallest dose was as low as 6000 units per 24 hours. In Patient NO.3, heparin dose as large as 67 200 units per 24 hours was required for 8 days before the requirement decreased to 43,200 units per 24 hours. Without dose adjustment if one was to remain within the recommended range, Patient No.2 would be hyper-anticoagulated at a given period and Patient NO.3 would not be anticoagulated at all for 6 days during the acute phase of DVT.
The need for a flexible protocol for heparin is obvious. We therefore recom mend to start heparin therapy with a bolus of 5000 units followed by a constant infusion of a dose of 14 units per kg of body weight per hour (about 1000 units per hour, or 24 000 units per 24 hours). The dose should be adjusted by an increase or decrease of 200 units each time until the desired anticoagulation is reached.
The requirements to maintain an effective blood concentration are known to vary considerably despite weight-adjusted doses (O'Sullivan et ai., 1968). In our series, Patient No.8 was anticoagulated by 14 units of heparin per kg of body weight per hour while Patient NO.3 required 34 units of heparin per kg/body weight per hour. Furthermore, the response in the same patient may vary widely during the course of the treatment as exemplified by Patient NO.2. It is probably because of this unpredictability and variation in response to heparin that Meinecke (1965) found it difficult to control the levels of anticoagulation in spinal cord injury patients adequately. In a poorly responding patient, it is necessary to raise the dose of heparin to achieve an APTT value of 2 to 2 t times the normal because in our observation, as well as previous studies, recurrences were associated with APTT lower than this range irrespective of the dose of heparin given (Basu et ai., 1972) .
(2) Controi of heparin therapy. We found monitoring the heparin therapy to be indispensable. The purpose of monitoring is twofold: first, to assure the desired degree of anticoagulation so as to prevent extension or embolisation of thrombus, and second to prevent undesirable prolongation of clotting time of blood so as to minimise the risk of haemorrhage. The monitoring of heparin requires manipula tion according to the route and mode of administration. In all instances, the value aimed at is 2 to 2t times the mean of normal range of the laboratory test used (not the initial value of the patient which may be shortened). The test is done before starting the therapy. If a bolus is given and is followed by continuous intravenous drip, the test should be repeated 2 to 3 hours after the initiation of therapy and after every increase or decrease in dose of heparin to assess the anti coagulation and further adjustment of the dose. Thereafter, it is repeated once every day. In a critically ill patient, those with unstable clotting times, and in patients receiving more than 1000 units of heparin per hour, the test should be repeated every 6 to 8 hours. With continuous intravenous drip, the blood sample for monitoring test can be drawn any time, but with intermittent intravenous therapy it should be done 4 hours after the last injection and before the next dose.
When a patient previously responding well to anticoagulation suddenly shows a decreased response to the same or even increased dose, the patient is either not receiving the anticoagulant (such as with blocked IV drip) or has become truly resistant. When the patient manifests true increase in resistance to the anti coagulation, the possibility of an extension of the thrombus and/or embolism should be considered (Patient NO.5) and will usually require an increase in dose (Simon et al., 1978) .
(3) Mode of heparin administration. The continuous infusion of heparin has been found to be significantly safer (Glazier et ai., 1976) as it produces more even clotting times, but the safety and efficacy of the continuous heparin infusion depends very much on careful supervision by the nursing staff and adequate laboratory monitoring of the treatment. If this is not possible, then intermittent therapy is a good alternative (Gallus, 1976) .
(4) The duration of heparin therapy. The period recommended for heparin therapy for an episode of thromboembolism varies from 2 to 10 days. We consider a minimum of 10 days of heparin therapy to be essential as this is the time required for thrombi to be covered by endothelium and rendered inactive for propagation (Genton,1974) . The last 3 to 5 days of heparin therapy should be overlapped with oral anticoagulants. The'heparin should only be discontinued after effective anti coagulation with coumadin has been established.
(5) Oral anticoagulants. The importance of adjusting doses adequate to maintain the prothrombin time to 2 to 2t times has implications similar to those already discussed for heparin therapy and is well exemplified by Patient NO. 5. It is helpful to obtain the baseline prothrombin time of the patient before starting heparin therapy. Prothrombin time is performed every day for the first 3 to 5 days until the desired anticoagulation is stabilised. Thereafter, it can be repeated weekly or biweekly. A haemorrhagic complication or drug interaction may require a temporary return to daily or alternate day monitoring. As in heparin therapy, when a patient on coumadin suddenly becomes resistant, the patient is either not receiving the drug or has developed true resistance. Inadvertent or deliberate omission of oral anticoagu��nt is not uncommon and should be ruled out. The two common causes of true resistance are onset of thromboembolism (Patient NO.5) and excess intake of vitamin K through diet or multivitamin pills.
The time for which coumadin prophylaxis should be continued will vary according to the diagnosis and complications in individual patients. We would recommend coumadin for 12 weeks following uncomplicated and moderate DVT, and 6 months to I year in patients with extensive DVT and/or pulmonary embolism (Brozovic, 1978) . Recurrent pulmonary embolism may require even more pro longed (I to 2 years) anticoagulation. Patients with other associated implications such as hip fracture, prosthetic heart valves, and myocardial infarction will require special anticoagulation regime.
(6) Drug interactions. A large number of drugs commonly used interact with coumadin leading to either increase or decrease in its anticoagulant action (Soloway, 1974) . The doses of the anticoagulant will need adjustment accordingly. We encountered marked potentiation of coumadin action by Co-trimoxazole in two patients (Patient Nos. 2 and 3). Both patients were already receiving coumadin when Co-trimoxazole was started. Because of the marked potentiation of the action of coumadin, the dose was omitted for 2 to 3 days and then resumed at a lower dose. After 10 days, the degree of potentiation decreased and prothrombin time stabilised at a level similar to the pre-Co-trimoxazole therapy on a lower dose of coumadin. To prevent hyper-anticoagulation, it was necessary to perform the prothrombin time every day or on alternate days until the new equilibrium was established between the two drugs. A change in dose of either drugs also required a prompt check on prothrombin time.
Drug interactions are not common with heparin. However, one of the im portant considerations during heparin therapy is that aspirin should not be administered simultaneously. In patients who are on heparin, platelets are the only blood components providing haemostasis. Aspirin inhibits platelet aggrega tion and prolongs bleeding time. Tylenol is not known to have this effect and may be given for analgesia during heparin therapy. A periodic check on platelet count is also advised for patients on heparin because thrombopenic patients are at extra risk of bleeding during heparin therapy.
(7) Haemorrhagic complications. A bleeding episode per se is not an indication for discontinuation of anticoagulation. An evaluation should be made in each patient independently with regards to the haemorrhage in relation to its severity and relationship to anticoagulation, and the risk from thromboembolism against the risk from haemorrhage. In the face of a minor bleeding, a patient at high risk for thrombosis can be maintained on a lower level of anticoagulation (at 1 � times the normal level) rather than withdraw the anticoagulation completely (Wessler, 1974) . The risk of thrombosis against the risk of haemorrhage should be evaluated in each patient independently. In our series, significant haemorrhage did not occur even with high doses of heparin as long as the APTT was within the thera peutic range. 
SUMMARY
Eight acute spinal injury patients with deep vein thrombosis and/or pulmonary emboli are presented with an in-depth analysis and management of anticoagulation therapy. Special considerations for acute spinal cord injury patients with regards to prophylactic and therapeutic anticoagulation by heparin and coumadin are discussed. There was a wide variation in the requirement of heparin and/or coumadin to maintain effective coagulability which could only be elicited by frequent laboratory monitoring. Inadequate dose and shorter duration of adminis tration of anticoagulant resulted in recurrence of thromboembolism in three out of eight patients in the present series. Haemorrhagic complications were minor and easily manageable. Co-trimoxazole potentiation of coumadin action occurred in two of our patients and it requires special mention as the drug is used increasingly in the treatment of urinary tract infections.
RESUME
Huit malades avec thrombose des veines profondes et/ou embolie pulmonaire ont ete examines pendant leur traitment anticoagulant. Nous discutons ici des problems specifiques de l'utilisation prophylactique et therapeutique de l'heparine et de la coumadine chez les malades avec lesion de la moelle epinH:re. Nous avons trouves une grande variation dans la posologie necessaire pour parvenir 11 un bon etat d'anticoagulation et la connaissance du taux du medicament dans Ie sang fut necessaire pour y arriver. Les doses insuffisantes et les traitments trop courts amenaient un retour de la thrombose chez 3 de 8 malades. Nous n'avons pas eu de complications hemorrhagiques serieuses. 11 est important de mentioner que nous avons observe deux fois une potentialisation de l'action de la coumadine par la Co-trimoxazole qui est un medicament largement utilize pour Ie traitment des infections de la vessie. 
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